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FOREWORD 

This report contains the research effort on large-amplitude multimode 

response of clamped rectangular panels to acoustic excitation during the 

period from October 1, 1980 to September 30, 1981.  The work was performed 

at the Department of Mechanical Engineering and Mechanics, Old Dominion 

University, Norfolk, Virginia.  The research was sponsored by the Air Force 

Office of Scientific Research (AFSC), Department of the Air Force, under 

Grant AFOSR-80-0107.  The work was monitored under the supervision of Howard 

F. Wolfe, Technical Manager, Acoustics and Sonic Fatique Group, Air Force 

Wright Aeronautical Laboratories, and Dr. Alan H. Rosenstein, AFOSR/NE, 

Program Manager, Directorate of Aerospace Sciences, AFSC. The author grate- 

fully acknowledges the encouragement and assistance from Mr. Howard F. Wolfe 

and Dr. Donald B. Paul of AFWAL. 
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LARGE AMPLITUDE MULTIMODE RESPONSE OF CLAMPED 

RECTANGULAR PANELS TO ACOUSTIC EXCITATION 

By 

Chuh Mei 

INTRODUCTION 

Acoustically induced fatigue failures in structural components have 

resulted in unacceptable maintenance and inspection burdens associated with 

aircraft and missile operation.  In some cases, sonic fatigue failures have 

resulted in major structural redesigns and aircraft modifications.  Thus, 

accurate prediction methods are needed to determine the fatigue life of 

structures. 

Many analytical and experimental programs to develop sonic fatigue 

design criteria, however, have repeatedly shown a poor comparison between 

measured and calculated maximum RMS stress/strain (refs. 1, 2).  Deviations 

in excess of 100 percent are not uncommon.  Large deflection nonlinearity 

has been identified as a major factor for the enormous discrepancy between 

test data and computed results (ref. 3). A test program was conducted re- 

cently to check the analytical effort for the large-amplitude, single-mode 

response reported in reference 3.  The acoustic response tests were perform- 

ed in the Wideband Acoustic Facility at Wright-Patterson Air Force Base.  A 

comparison of the results from two panels is shown in figure 1.  The predic- 

tion of random responses is much improved with the single-mode computational 

method, especially at high excitation levels.  Test results (fig. 2) also 

showed that there are more than one mode responding.  Multiple modes were 

also observed by White in experimental studies on aluminum and carbon fiber- 

reinforced plastics (CFRP) plates under acoustic loadings (ref. 4).  White 

also showed that the fundamental mode responded significantly and contribut- 

ed more than 80 percent of the total mean-square strain response;  higher 

modes, up to third or fourth modes, account for 95% or more of the total 

mean-square strain response.  In order to have an accurate prediction of the 

random response of a structure, multiple modes should be used in the 

formulation. 
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Figure 1.  Comparison of analytical and experimental mean-square stresses of 
clamped, square, aluminum panels. 
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Figure 2.  Strain response at three different SPL's. 



NOMENCLATURE 

a,b panel length and width 

C generalized damping 

D flexural rigidity 

E Young's modulus 

fm(x),gn(y) displacement functions, eq. (21) 

F airy stress function 

h panel thickness 

K generalized stiffness 

L mathematical operator, eq. (1) 

M generalized mass 

p pressure 

q normal ccoordinate 

r length-to-width ratio,  a/b 

Sp(ü)) cross-spectral density of p(t) 

t t ime 

w lateral deflection 

W generalized displacement 

x, y coordinates 

ß vector function, eq. (16) 

Z damping ratio,  c/c0 

<}> normal mode 

ü) linear frequency 

ft equivalent linear or nonlinear frequency 

Subscripts 

EL equivalent linear 

L linear 



MATHEMATICAL FORMULATION AND SOLUTION PROCEDURE 

The governing equations of a rectangular, isotropic plate undergoing 

large-deflection motions, neglecting the effects of both inplane and 

rotatory inertia forces, are (refs. 5, 6) 

L(w,F) = DV^w + Phw»tt + gw, 

- h(F,  w,   + F,  w,   - 2 F,  w,  ) 
yy xx    xx  yy      xy  xy 

- p(t) = 0 (1) 

V*F = Ed»2,  - w,  w,  ) (2) 
xy    xx  yy 

where a comma denotes the partial differentiation with respect to the 

corresponding variable,  w is the lateral deflection,  F is the stress 

function, D is the flexural rigidity,  p is the mass density,  h is the 

plate thickness,  p  is the pressure,  E  is the Young's modulus, and g  is 

the viscous damping. 

The lateral deflection is assumed as 

w(x,y,t) - h I  I  W  (t) f (x) g (y)    m,n = 1,2,3,... 
mn    m    n \3J 

m n 

where the functions ^(x)  and gn(y)  are so chosen that they satisfy 

the boundary conditions.  By solving the compatibility equation, equation 

(2), the stress function can then be determined as 

2      2 
F = Nv f- + Nw -.- + Eh

2 H   F. . N. (x) M.(y) 
x^   y^     i i  -^ 

i,j - 0,1,2,... (4) 



A quasi-exact solution has been obtained by Paul for thermal postbuckling of 

a clamped, rectangular plate.  The expressions for the coefficients N , 

N ,  and F  can be found in reference 7. 
y       ij 

Apply the Bubnov-Galerkin method to the equation of motion in deflec- 

tion, equation (1), as 

// L(w,F) f g dxdy =0  r,s = 1,2,3... 
r  s 

(5) 

After performing the integration over the total area of the panels a set of 

nonlinear, time-differential equations is obtained and can be written in 

matrix form as 

[M]{W> + [C] {W} +  [K]T {W} + {ß(W)} = {p(t)} (6) 

where the matrices [M], [C], and [K]L are the generalized mass, damp- 

ing, and linear stiffness matrices, respectively, and (3(W)} is a vector 

function, cubic in the generalized displacements  {W}. 

An equivalent linear set of equations to equation (6) may be defined as 

(refs. 8-13): 

or 

[M]   {w}   +   [C]   {W>   +  ([K]L +   [K]EL)   {W>   =  (p(t)} 

[M]   {W}   +   [C]   {W}   +   [K]   {W}   = {p(t)> 

(7a) 

(7b) 

where the elements of the equivalent linear stiffness matrix  [K]   can be 
EL 

obtained from the expression 

33. (W) 
J 

3W. 
l 

i,j = 1,2,3, (8) 

where E[ ]  is an expected value operator. 



To determine the mean-square generalized displacements ¥^  in equation 

(7), an iterative solution procedure is introduced.  The undamped linear 

equation of equation (7a) is solved first.  This requires the determination 

of the eigenvalues and eigenvectors of the undamped linear equation 

ü)2   [M]   {<J>K  =   [K]L UK (9) 

where    u;     is  the frequency  of vibration and    {<)>}j     is  the corresponding 

normal mode shape based on linear theory. 

Apply  a coordinate transformation,   from the generalized displacements 

to the normal coordinates,   by 

{W}   =   [<|>]   {q} n <  m (10) 
mxl     -mxn n*l 

in which each column of     [$]     is  a modal column of the  linear system,   and 

{q}     represents the normal coordinates.     Substituting equation  (10)   into the 

damped  linear equation of equation   (7a)  and premultiplying by the transpose 

of     [<))],     it becomes 

[M]  {q}   +  [c]  {q}   +   [K!   {q}   =  {P(t)} (11) 

where    [M]  =  [<|> ]      [M]   [<)) ] 

ML =   [<(»]T   [K]L   [*]   -|V] [M] 

[c]  =  [<(»]T   [C]   [<f>]   = 2^]   M 

(P}=  [<(>]T {p> (12) 

The jth row of equation  (11)   is 

P. 
q .   +  2? .  0) .  q .   +    ü)2.   q.=— (13) 

J J     J     J J     J       M 
j 

The mean-square normal coordinate is simply 



TTS     (Cü.)         irf<J>>T  [S   (ü).)]   {<|>}T 
q2  a  P J ,  J P_J 1 (14) 

3       4 M? r to?       4M?;, a? 
J  J  J J  J  J 

where  [S ]  is the cross-spectral density matrix of the excitation {p(t)}< 
P 

The covariance matrix of the linear, generalized displacements is 

*{*}£ [Sn(öO] {*}k   T 

W'^k        '    3    W 
(15) 

The diagonal terms  [W-JW-JL are fc^e mean-S(luare» linear, generalized dis- 

placement W2..  This initial estimate of W2 can now be used to compute 

the equivalent linear stiffness matrix  [K1FL through equation (8).  Then 

equation (7) is again transformed to the normal coordinates and has the form 

as 

0] {q} + [C] {q} + [K] {q} = {P(t)} (16) 

where [K] = [<fr]T ([K]L + [K]£L) [<(,] = [fl2] [M] (17) 

The jth row of equation (17) is 

.. P. 
q + 2;.(ü.q.+ß2q=-rJ- (18) 

3     3     3 j 

and the displacement covariance matrix is given by 

•{< [8(^)1 «k   , w-iw* «y^ w*. 



Convergence is considered achieved whenever the difference of the RMS 

generalized displacements satisfies the requirement 

(RMS W.).   " (RMS W.).    , 
j iter       j iter-1 

(RMS W.).„ 
J iter 

< 10"3, for all j (20) 

Once the RMS displacements are determined, the RMS deflection of the panel 

and the maximum RMS strain can be determined from equation (3) and the 

strain-displacement relations, respectively. 



DEVELOPMENT  OF  GENERALIZED MATRICES 

AND COMPUTER PROGRAMS 

The deflection of the  panel is  represented by 

w(x,y,t)  = h H Wmn(t) 
m n 

(m - l)irx (m + l)inc 
cos —  - cos   

a a 

(n - l)iry       .       (n + l)iry 
cos r cos  =-  (21) 

The expression w satisfies the boundary condition for clamped edges: 

w=w,  =0  on x = 0 and a 
x 

w=w,  =0  ony=0 and b 
y 

(22) 

The stress function can be expressed in terms of the generalized dis- 

placement Wjjjn as 

2      2 iTTX 
F = N 2- + N $- +  Eh2 H  F, , cos —- co 

x 2    y 2 
i j 

ij 
(23) 

where the coefficient Fj_j is given by the expression 

F 1  I III    B. . ,.W  W.. 
ij  (i£ . ,2_\2 m nk 1  ^mnkl BQ kl 

+ j2r 

(24) 

in which B. . ,,  are integers and r = a/b.  The coefficients N  and N , 
ljmnkl x       y 

and the integers B . , -  are given explicitly in reference 7.  The partic- 

ular generalized displacements that are chosen to be nonzero in the conver- 

gence studies are shown in table 1. 

10 



Table 1.  Generalized displacements for convergence studies. 

.zed 

Numb sr of terms . 

Generali 
Displacements I      4 6_ 11 ^5 

wll X      X X X X 

Wl3 X X X X 

W31 X X X X 

W33 X X X X 

W15 X X X 

W51 X X X 

W3 5 X X 

W53 X X 
W17 X X 

W71 X X 

"         W55 X 

W3 7 X 

W7 3 X 

W19 X 

W91 X 

11 



Utilizing the expressions for w and F,  equations (21) and (23), 

respectively, and performing the integration of equation (5), the integral 

associated with the inertial force term in equation (1) has been derived as 

/b /a phw,tt fr gs dxdy - ^ (v2fB-2 " 
2 V2,s " 2 "r,.-S 

o o 

+ 4 W   - 2 W r.s r,s+2 - 2 W r+2,s 

+ w     + w     + w 
r-2,8+2   r+2,s-2   r+2,s+2. 

(25) 

The generalized mass matrix  [M]  in equation (6) using 15 terms in the 

deflection function is given by: 

wn w13 w31 w33 w15 w51 w35 w53 w17 w71 w55 w37 "*7 O       " 73   "19   "91 WQ 

[M]   = 

4 

-2 4 

-2 1 4 symmetric 

1 -2 -2 4 

0 -2 0 1 4 

0 0 -2 1 0 4 

0 1 0 -2 -2 0 4 

. 0 0 1 -2 0 -2 1 4 
ph2ab 
—Zf— 0 0 0 0 -2 0 1 0 4 

0 0 0 0 0 -2 0 1 0 4 

0 0 0 1 0 0 -2 -2 0 0 4 

0 0 0 0 1 0 -2 0 -2 0 1 4 

0 0 0 0 0 1 0 -2 0 -2 1 0 4 

0 0 0 0 0 0 0 0 -2 0 0 1 0 4 

.  0 0 0 0 0 0 0 0 0 -2 0 0 1 0 

(26) 

12 



A subroutine program MASS, which generates the mass matrix, has been coded 

and verified.  A listing of the MASS subroutine is given in the Appendix. 

Similarly, the integrals associated with the linear stiffness terms in 

equation (1) yield 

rb fa „ ä^w c    J ,   Dhu'+ab 
J  J  D   f  g dxdy = 
o     o ^     r    S 4a" 

• {[(r -   1)*   +   (r  +   DM   [(Ci   +  l)Wrf8  - WrjS_2 - Wr>s+2] 

+   (r -  D*   [Wr_2>s_2 + Wr_2>s+2 -  (Cl .+  l)Wr.2>s]} 

+  (r  + l)k   CWr+2,s+2 + Wr+2,s-2 " (C1  + 1}  Wr+2..]} (2?) 

rb   ra.      9l+w                               Dhrr'+ab 
J     /    D __ f     g    dxdy -   
o     o        By4     r     S 4b1* 

• {[(s  -  l)*   +   (s  +  1)M   [<C2   +  l)Wr>s  - Wr_2>s - Wr+2>s] 

+ (s - D*  [wr_2)S_2 + wr+2jS_2 - (C2 + DwrjS.2]} 

+   (s  +  D*   [Wr+2)S+2 + Wr_2>s+2 -  (C2  +   1)  Wr>s+2]} (28) 

,b   ,a             a^w                                      Dhir^ab 
/     /     2D   f    g    dxdy     -   
o     o Sx2  3y2     r     S a2b2 

• {(r -  l)2   (s  +   l)2   [W -    W n - W + W J 1                                              r,s           r,s+2         r+2,s         r+2,s+2 

+(r-l)2   (s+l)2   [Wr)S-Wr>s+2-Wr_2>s+Wr_2>s+2 

+   (r +  I)
2   (s  -   I)2   [Wrjs  - Wr>s_2 - Wr+2js  + Wr+2)S_2] 

♦ (r -  I)2   (s  -   I)2   [Wr>s  - Wr>s_2 - Wr_2)S  + Wr_2js_2]} (29) 

13 



The generalized linear stiffness matrix  [K]L  in equation (6) using 15 

terms in the deflection function has been derived.  It can be expressed as 

the sum of the three submatrices as 

[K]L = 
DhTTab (L-  [Kh +_L [K]2 + — 

\*k b" 2b2 
[K]3 (30) 

The nonzero elements of the three linear stiffness submatrices are given. 

Since the stiffness matrix is also symmetric, only the lower left-hand side 

elements are given.  They are 

[Kli = 

Wll 

2f»(Ci+l) 

-24 

:-2f»(ci+i) 

0 

0 

0 

0 

0 

0 

W13 

21+(C1+1) 

2* 

■2^(C1+l) 

-t 
0 

2* 
0 

0 

0 

w. 31 W. 33 W 15 

(24+4
:t)(Cl + l) 

-(2l++4't) 

0 

-44(0^1) 

0 

4* 

0 

0 

(2lt+4lt)(Ci+l) 

& 

-(2lt+4't) 

0 

0 

2^(Ci + l) 

0 

-2f»(Ci+l) 

0 

0 

w, 51 

(4l++6,+ )(C1+l) 

0 

-(4lt +6^ ) 

^(Cj+l) 

"3 5 W, 53 W 17 

(2lt+4,+ )(Cl+l) symmetric 

41* (4lt+6't)(C1+l) 

* 0 2^(01+1) 

0 6H 0 

*71 

(64+8't)(C1+l) 

(31) 

14 



[K]2   = 

Wll 

2^(02+1) 

-2^(02+1) 

0 

0 

0 

0 

0 

0 

w 13 

(21++4lt)(C2+l) 

2* 

-(2lt+4't) 

-4^(C2+1) 

0 

4" 

0 

0 

0 

w. 31 

2VC2+1) 

■2^(Ci+l) 

0 

0 

24 

0 

0 

w. 33 W 15 

(2lt+4'+)(C2+l) 

4t 

-4MC2+1) 

-   (2^+4^) 

0 

0 

(4t+6t)(c2+l) 

0 

-(4'++6't) 

0 

-6tt(C2+l) 

W, 51 

2'+(Co+l) 

W. 3 5 

0 (4^+6^(02+1) 

2<KC2+l) 0 
0 6* 

-* 0 

w 53 W 17 W 71 

symmetric 

(2t+4M(C2+l) 

0 (61++8lt)(Ci+l) 

t* 0 2lf(C1+l) 

(3 2) 

15 



[K]3   - 

W 11 W 13 W 31 W 33 W 15 

(2.2)2 

-(2-2)2 (2-4)2+(2-2)2 symmetric 

"(2-2)2 (2.2)2 (4-2)2+(2-2)2           (4-4)2 

(2-2)2 -(2-4)2-(2-2)2 "(4-2)2-(2-2)2  +2(4-2)2+(2-2)2 

0 -(2-4)2 0 

0 0 -(4-2)2 

0 (2-4)2 0 

0 0 (4-2)2 

0 0 0 

0 0 0 

(2-4)2 (2-ö)2+(2-4)2 

(4-2)2 o 

-(4-4)2-(2-4)2 -(2-6)2-(2-4)2 

-(4-'4)2-(4-2)2 0 

0 "(2-6)2 

0 0 

W, 51 

(6-2)2+(4-2)2 

W. 35 

(4-6)2+(2-6)2 
+(4-4)2+(2-4)2 

W, 53 

-(6-2)2-(4-2)2 (4-4)2 
(6-4)2+(4-4)2 

+(6-2)2+(4-2)2 

0 (2- 6)2 0 

-(6-2)2 0 (6-2)2 

w 17 W. 71 

(2-8)2+(2-6)2 

0 (8-2)2+(6-2)2 

(33) 

The nonzero elements of  the linear stiffness matrix,   kL(i,j)   for i,j  >  11, 
are 

(11.4) = 1^(12,11)   = 44 

(12.5) = ^(14,12)  = 2k 

(13.6) = 1^(13,11)   = Ö* 

(11.7) =    -^(C!   +  1) 

(12.7) = -(2I+   + 4M 
(11.8) = -(4^   +  6") 

(34) 
(cont 'd) 

16 



k 

k 

k 

k 

k 

k 

k 

k 

k 

k 

k 

h. 

*2 
k2 

k2 

k2 

k2 

k2 

k, 

k, 

k, 

k2 

k2 

k. 

1*3 

(13.8) - -&   (C1   + 1) 

(12.9) = -21*   (Cx   + 1) 

(14.9) = -t 

(13.10) = ~(6k   + &) 

(15.10) = -8*   (C1  +  1) 

(11.11) = (44  + öM«^  + 1) 

(12.12) =  (21*   + 44)(C1   +  1) 

(13.13) = (61*   + 8I+)(C1   + 1) 

(15.13) = 8k 

(14.14) = 2lf(C1   + 1) 

(15.15) =  (81*   +  10lt)(C1  +  1) 

(11.4) = 1^(13,11)  = fr 

(12.5) = 1^(12,11)  = 6k 

(13.6) = 1^(15,13)   = 24 

(11.7) = -<4'+   + 6") 

(12.7) = -&(.C2  + 1) 

(11.8) = -41* (C2  +  1) 

(13.8) = -(2^   + 41*) 

(12.9) = -(61*   + &) 

(14.9) = -8f*(C2  + 1) 

(13.10) - -t(C2 +  1) 

(15.10) = -24 

(11.11) =  (4 +  6)(C2  +  1) 

(12.12) -  (6^   + 84)(C2   + 1) 

(14.12) = 84 

(13.13) =  (21*   + 41+)(C2  + 1) 

(14.14) =  (8"  +  10M(C2  +  1) 

(15.15) = 2^(02  + 1) 

(11.4) =  (4«4)2 

(12.5) = k3(13,6)   = (2«6)2 

(11,7)  = k3(ll,8)  = -(4'4)2   -  (4'6)2 

(12,7)  = k3(13,8)   = -(2.6)2  _ (4.6)2 

(12,9)  = k3(13,10)  =  -(2»6)2  -  (2»8)2 

(14,9)  = k3(15,10)  = -(2.8)2 

(11,11)  =  (6»6)2   + 2(6«4)2   + (4-4)2 

(12,11)   = k3(13,ll)  =  (4.6)2 

(34) 

(cont'd) 

17 



k3(12,12) = k3(13,13) = (4.8)
2 + (2«8)2 + (4«6)2 + (2«6)2   (34) 

(concl'd) 
k3 (14,14) =k3(15,15) = (2.8)2 + (2.10)

2 

where 

. = 1 
Cl       1      1 f~r    S  ?t  1 

c2 

2 \   f°r 
1 \ for 

" ? if0" "* 1 (35) 
1 ^for r *  1 

A subroutine program LSTF which generates the linear stiffness matrix has 

been coded and verified.  A listing of the LSTF subroutine is presented in 

the Appendix. 

Derivation of the generalized equivalent linear stiffness matrix  [K] 

in equation (7a) has been initiated.  It is in good progress.  Continuing 

research effort will be devoted to the following tasks: 

(1) Completion of the derivation of equivalent linear stiffness; 

(2) Application of eigen solution and coordinate transformation; 

(3) Determination of mean-square linear generalized displacement; 

(4) Implementation of the iterative process; 

(5) Derivation of strains computation; 

(6) Coding, debugging, and verifying the complete computer program; 

(7) Convergence studies; and 

(8) Generation of design charts.7 
o 

18 
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APPENDIX 

LISTINGS OF THE MASS AND LSTF SUBROUTINES 
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r 
MASS LN4ßO0.FOR FORTRAN   V.5(515)   /KI 29-JUN-81 14»38       PA<|E   1 

i' 

20002. 
000«$ 3- 

|s!id*»0y5 

1!   *>00l 1 

T^HHCnjTTNETIfKSS'f Blufft r«, MHO, SM, UTERM} 
DIMENSION JS«(WIERM«NXBBM) 

C -THIS   SUBROUTINE   GENERATES   THE   SYSTEM   MASS   MATRIX   OF   THE   PANEITUSTM 
C     (NTERM)   TERMS   IN   THE  DEFLECTION   FUNCTION 
C     ALapANEL  LENGTH. 

i / i 0*0ß7       C     SCäPTRiTEirinXiTfl ~~ 
j 4 100008-".T-'C.    HsPAWEL  THICKNESS    ■        . • 
\s\mmV:      CjRHOaMASS   DENSITY 

3^('irrfchM-rN"T'^w'y=STsTEM""T)H. "CEnEK/VLrZcTD'^Aü'5-MAT'RTX" 
MTER"Bjf.   4,   6,   IB,   OH   15 

C 
C 
C 

'TJäätitl CO"EFs"0T25#ftHO*Ki:H-»AE»T?ir 
\;*i»§VH       C INITIALIZED THE MASS MATRIX 
'•.s.:-a0»t5 . 00   10■ I«i#»TEBM1 .;■■": 

6:1*0010 00   10  J=1,NT£FM 
ritfÖÖl7 SM(I,vI)=t}.0 

U3!000l8 10     CONTINUE 
 —5jrrrrnr=4v^*coüf 

IF   (NTERM   '.BO-,   t)   GO   TO   20 
fiT 0Ö01*~ 
120,0002'« 

Ui '00021 

jsaj 00023 
J24i^fle2 4 

Us'00026 
H^»02T; 

5^Cl,2)=-2.^#C0Ef" 
SM(l,3)=-2.0*C0EF 
Sfr,(l»4)sC0EF 
gM ( 2 , rjS4-0*COEP~ 
S^(2,3)=COEF 
SM(2>4)s*2-<?*COEP 
SM(3,3)=4.o»COEF 
SM(3,4)--2.^!*C0FF 
5M(4»4)s4.0*COEF 

"TF—CTTTEHW--«EU. "iJ^GO   TO   20 

S^(2»5)a»2.ß*C0EF 

SM(4,5)=C0EF 
5«*(4,6)=C0EF 
s^(5,5?s-ncr*CoEF———:  
5M(6»6)s4.4*C0EF 
IF   (»TERM   .Eft.   ft)   GO   TO  20 

!23|a«02Ö 
|2»l»0629 
3o!ö003«? 

•■si; 0003! 
i32i 0ÖÖ3-2 
!3= -000 33 
|S4ii>rft/34 

Ps! 30035 

0**038 
i39; 4*001* 
J40I 000*9 
jj 000*1 
'42! 00042 

U3.^004i' 
|,;a 00044 

Uo! 00046 
Uj 30047 
Lai 09048 

SM(2,7)sC0EF 
SM(3,8)=COEF 
SM 14; 7) =*2v«f»coxr- 
SK-(4,8)=-2.i3*COEF 
SM(5»7>a-2.0*CoEF 

"S" C 5 , 9 )=-27^*C0EF— 
S^(6,8)a-2.0*COEF 
SM(6,10)a-2.0«COEF 
SM(7»7)s4.w»COgF  
5M(T,8)aC0EF 
SHC7f9)aC0EF 

!So! 99059 
j3ii000St 
jS2i 00052 
jss! 00053 
U00054 

oM(8#8)a4T0»COEF : — 
SM(8,10)aCOEF 
SM(9,9)a4.0*COEF 

-$l*ttWiT*rs*i 0»COEF :~  
IF   (NTERM   ,ECi.   10)   GO   TO   20 

'ssi 00055 
jsel 00056 

21 



r 
MASS 

I 09« 5 7- 
00058 

LN4BQi4,FOR FORTRAN   V.5(515)   /Kl 29.JUN.8t 14*38       PAGE   1 

v5tftf61 
t)006'2 

SM(4,lt)=COSF 
5>*C5,12)*COEF 

" SP(6#l3)*COtt  
S^C7,1U=-2.0*CÖEF 
SM(7,12)5-2.0*COEF 
S-M CF7TrTs-T.^*C0ErF— 
S^(3itl)--2.0*COEF 
SK(9rl2J=-2.0»CoEF 

'SHU3,13)*-2.M»C0EF 
S*'(lV',1«5)s-2.fl*rOPF 

5M(tlrl3)»C0EF 
~"sw (t2 # 12) «Tra»ctrer~ 

SM(l2,14)sC0EF 
SH(13, 11)s4,id»C0EF 

—sKtTirrsracocr--  
5MC14rl4)x4.0»CClEir 
SfC15#t5)s4.0*CQEF 

! ** 

i G 

iei 
i      ! 
| 9l 

!  7l wmwr 
&m & 4 

! i! «}«■)#& 7 

is.' 00071 
hoi 

i 

.757 
:20l 

ÖW7T 
00073 
fch*,?74 
00*575 
00@7& 
tf0<&77 

|5p5537B 20     CUNTINOE ~^" 
id 00079 00   3«  J=i,NTERM 
24i*5008^ DO   30   I=J,STEpM 
^51*2*5^81  S!rnTJT*SMCJ,I) 

r27i 

j£8l 
|2ol 

MPT~ 
i3008 2 ^ 
**ö$8 3     : 

30 CONTINUE 
RETURN 

TWTJT—  

(30: 

- SUBPft0 GRA*$ CA LLSD 

J3i 

SCALAHS AND ARRAY.? C "*" «0 EXPLICIT DEFINITION • »%» NOT REFERENCED ] 
..36 ■ 

'37' *NTtf<P'          t *COEF       2 *H               3 *BL            4 SM             5 
sa: *J                  $         ■ v.S300J  7 •S3002   1« .SPfc01   it «SC000   12 

;3S,*RH0           13 . *AL     ..<■-'   1.4    , ■■*X«j)003   15   . »ISHiJl   16-■. ♦I              17 
i«oi   «A«i;^K) 20 
Uli '.- 
^TEMPORARIES 
:43,    ' 

:44i    .A0*n6   21 
'.4S| 

|-6j  ^Aöö                     I     NO titUOhö   DETECTED   1 * 
1471 , 
'481 • 
;4i. 

jsoj.     ■■•.. 
;31;    "'          ; ■',-■' 

■  '■ -■:      ■ 

■ SSI 

;S2' ' 
'54. 

55' 
..*■.. 

!s6l 

&\■;■■■ .-.•.;■.■.-.-. 
"                    * 

* - _ 22 
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LSTF    LN785X.FOR FORTRAN V.5(515) /KI    29-JUL-81 14:03   PAGE 1 

00001 
000»2 
an?** 3 

SUBROUTINE LSTF(AL#ßL,H,D,PI*SK,NTERM) 
DIMENSION SK(NTERM,«TERM) 

00004 C  THIS SUBROUTINE GENERATES THE SYSTEM LINEAR STIFFNESS MATRIX 
00005 C  USING (NTEPM) TERMS IN THE DEFLECTION FUNCTION FOR THE PANEL 
cntaa*      c    AT.«PANEL LEMATH : , : :  
00*07   €  BL«PA«yEL "IDTH 
00008  C  HsPANEL THICKNESS 

-)<.<<£; 1 !•' 

30011 
■ K".V I 2 

C  v=FCISSO;."Ü FATIO 
C  SK(NTERM,NTERM)sSYSTEM OR GENERALIZED STIFFNESS MATRIX 

00013 
00014 
PI riff IS- 

PI4=PI*PI*PI*PI 
rOF.Fs-4 tft»n»H*PT 4»AL«BI/ 

00016 
00017 
00318 

A4sl.0/(AL*AL*AL*AL) 
B4sl.0/(BL*BL»BL*BL) 
AP2s4.0/(AL»AL»BL»BL) 

00019 
»50020 
000? I 

C  CisCl FOR S<>lrCt«€.C'l FOR S*l 
C  C2=C2 FOR R<>trC2*CC2 FOR R*l 
 - -rtBt^a--•■--■:•■■■■■■:-■■•-■■• .: ■■■■■-■■■■ -    ■ 

00022 
00023 
00024 

C231.0 
CC1=2.0 
CC? = ?.(> 

00025 
0002ft 

INITIALIZED THE STIFFNESS-MATRIX 
DO ■■!«, Issf ,NTERM 

2S 

29 

30 

00028 3K(I,J)=0.0 
000 29     it,  CONTINUE 
00« i'* 'sKft»na(fCCtt> 0T»A4+fCC?+1.0)»B4+AB?)»COEF 

31 

32 

33 

00031 
y>)032 
000 i3 

IF(MTERM   .EG.   1)  GO  TO   20 

:skfir?Va»rfCC2»»-«^»B4»A4»ABgT*C0EF-. 
34 

39 
00034 
0*0 35 

SK(l,3)s-((CCl+1.0)»A4+B4+AB2)#COEF 
SK(l,4)a-(A4 + B4 + AB2)'»C0EF 
5K(7, 2)a-( 17.F »(CC7+Uin»B4 + (Cl + l.;,n«A4+S.0»AB2)«C0EF 

37 

38 

39 

40 

41 

42 

43 

00037 
02038 
00??39: 

■SK(2*-J>a(A4-MJ4-»'AP2)*C0EF 
SP.(2,4r=-aCl+-1.0)*A4 + l7.0*B4+5.0*AB2)*COEF 

:&Krx*\1x-Ct7 .ft»frei♦ t -01 »A4* tC?»r.0l»B4+?v^fl»AB? 1»C0EF: 
00040 
00041 
00842 

SK(3,4)s-<(C2+1.0)*B4+l7.0#A4+5.0#AB2)*COEF 
SK(4,4) = (17.0*(C1'+1.0)*A4+17.0*(C2+1.0)#B4+25.0#AB2)»COEF 
iFfKTERM   JEQ.. 4V GO   TO   20        ' 

00043 
0*5044 SK(7«5rÄ->(16,ö»(Cc2+1.0 3*B4+Ä4+4,0«AB2)*COEF 

SK(3r6>s«fl6.0»fCCltl.0)»A4-i'H4-t>4»«»AB2?»COEF 
00046 
00047 
00048 

SK(4,5)s(A4+l6.0«B4+4.0*AB2)*COEF 
SK(4,6)=(16.0#A4>B4+4«0*AB2)*COEF 
SK(5.5)s((Cl + l.tQ»A4+97.0»(,CC2 + l.a)»B4+H.0»AB2)»COEF 
5K(6#6)s(97»0*(CCt+1.0)*A4#(C2+1.0)*B4*t3.0*AB2J#COEF 
IFCMTERM .EQV 6) GO TO- 20 x  .■■; ':,'/. 

00049 
0005» 
00051 
00052 
00053 
00054 

SK(2#7)a(A4+l6.0»B4+4.0»ftB2)*COEF 

SK(3»8)a(l6.0#A4+H4+4.0#AB2)*COEF 
SKf4.7Ta«n7.0»&4-t.l6.0»(C2-t-l.rO»B4-t-20.0»&R?^»roEF i'-f 17. g»& 4-1.1 6.n»ttT2 + l.q )»B4 + 2B.0»ftB3 1»mKF 

;»{t6.0*(Cl-H.0}*A4+tt.0*84+20,0#AB2)»GOEF 
»»(tCl+1»31»A4+97•0*B4+i3,0*AB21«COEF ' 

\ 

00055:: 
0005$ 

SKC*;,,S5» 
SK(5*T>» 
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LSTF LN785X.FOR FORTRAN   V.5(515)   /KI 29-JUL-BI 14:03       PAGE 

00057 
04*058 
vttfftS 9 

SK (5 # 9 )s-(A4t81.3#CCC2+l.k»J ♦84+9.0*Aß2)*CQEF 
SK{6*8)»-(97.ö*A4^(C2+U0)*ß4+l3.0*AB23*COEF 
SK-ffY-rtma-fai «flgfcCt-H .0l*A4*B4+9.0*AR2)»CnEF  .    fgrt+i>vii*&»-t.n/n.q,t<«&B2)«rnyg  .-., -:: ■:; 
SK(7#7)=C17.0*(C1+1.0)*A4+97.0*(C2+1.0)*B4+65.0*AB2)*COEF 
SK(7,8)=l6.0*(A4+B4+AB2)»COEF 
SKf7.<nsf a4 + fl1.«»n4+9,0»atm»rOPr 

00060 
00061 

SK(ö>8)=(9?,0#(Ct+l•öJ*A4+l7.0*(C2+t♦0}»B4+65.0*AB2)#COEF 
SK<8,l«3»C8t.0*A4+B4+9*0*AB23*COEF     ■ 
f-Kf9,9)sf fd-H ,PHi>niU>»frc?tt .iO*F4+?<ii.tt»'^?l»c:0Fr 

0a»0o3 
00064 

SMl£,lk>) = C337.k}#(CCl + l.«>)*A4+(C2+l.ü 
IF(NTEPM .EQ. 1«) GO TO 20 |00067 

-i «ö Yi O 8 

)*B4+25.0*AB2)*COEF 

00069 
00870 

SK(*»t13=16.0*(A4+e4+A82)*CCEF 
SKf 5 r 12J »C* 4+81 ,.0*R4+9 .0*AB2)#C0EF 
;iKCbrtlls(B4»ftl.^»A4>9.^»AB2T*C0FF 

00072 
00073 

SK(7#U).s-(16.0#(cl + l,0)*A4+97.0*B4+52.0*AB2)*COEF 
SK(7,12)s-(17.0#A4+81.0#(C2+1.0)*B4*45,0*AB2)*COEF 
SKfa.ll>a-fO7.0»A4->.lftr3»fC9 + l,01»R4-»«;7.i?S»AR2>»rQEF 

00075 
00076 

SF(3,13}s-(81.0»(cl*t.0 1 *A4+17.0*54+45 »0*AB2}*COEF 
5K(9, ■■«■)»-( CCl+t■••«)*A4+337»0*B4+25.0#AB2J«COEF 
RKf 9«1 4)a»f A*+?56 .0*(CC2+1 .0)»&*+l 6.ff»AR71 »COKF 
SK(10,13)s-(337,0#A4*(C2+1.0)*B4+25.0#AB2)*COEF 
SK(10ft5)s»(256.0#(CCl+1.0)*A4+B4+16.0»AB2)*COEF 
SKfH.mg(q7.0»(rl-H.0)»A4+q7.0»rC2+1.01»B4 + lftq.0*AB2)«COEF 

00078 
0Ö079 
000 a a 
00^81 

27!.33*«3 

SK C11#12)s{16, 0*A 4+81,0*84+3 6.0*AB2> *COEF 
SK(ll,U) = (8t.0*A4+l6<>0*B4*36.0»RB2)»COEF 
SKfl2>12) = flT.fl»frl.H.01»A4+337^»rr2»lf»1»»4*12K-g»AB2T»gOEF 

00884 
,03085 
"»WS Rfi 

SK(12#14)S(A4+256.0*B4+16.0*äB2)*COEF 
SK(l3,13)s(337.0#(Cl+1.0)*A4+l7.0»tC2+1.0)*B4+l25.0»AB2)*COEF 
SKri3,ls)afBA»25<;nO»Ad-»lft.0»AB2)»rOEF ;  

•<?0^i*7 
vJw«88 

_ZM 

SK(l4»t4)s(fCt+t.ft)*A4+H81.0*(CC2+1.0)*B4+4l.0»AB2D*COEF 
SK(l5,15)s((C2+Ut.)*Ö4+88i.il*(CCl + t«0}*A4+41.0*AB2)*COEF 

3009*1 
.•>0091 

DO 3« Jsl,NTERM 
DO 3H IsJ,NTERH 

37 

38 

39 

0tf¥>9 3        ..   3S 
00«*94 

CöHTlMÜE 
• fsET'tJRN      - 

v-, Kfcri ■■:■■■ 
40 

41 

42 SHRPROGPAMS TAT, LED 

<. 
* • 

43 

44 

45 

■■' ;••'•■ ■                           -■.. 

46 

47 

48 

SCA^ARS AND 

»A4              1 

ARRAYS    l    "* 

»NTFRM 

"   NO 

2 

EXPLICIT  DEFINITION 

♦COEF        3   . 

-   "%"   NOT   REFERENCED   1 

#Pl             4                  *H 5 
40 

SO 

51 

*CC1          6 
»SfHWS  13: 

*<•<*?          7<* 

.....  *BL'. 
•S0002 

'•■■■■"--:*c? ■'"■  ": 

7 
14 
7t-  ' 

»J                 10   -       r 

'• .50001 t.S;^; 
*,P              ■it               '»AB2    .: 

.S0000   16               *B4 
•AL             ?}                  SK 

12 
17 

'.:->*-:--'-":: 
52 

S3 

54 

,10902   25 .10001 26- ̂         *I              27 .10000   30               *Cl 31 

55 

38 
]- V..;..                 :;;M;J:-''5:S|f":y^...-r::';'-^■<■'•;■.    ■ ; ■.: - ,';.           '■■''■.-■••■■ ;■: ■ >VL.:V V-:     o;-1^'>::";' ;■:..' ■■.'■ r-^:.-'^'.■ 
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